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@ Lipid membrane structure lor drug delivery and composition containing a lipid-membrane drug system. 

(g) Lipid Membrane Structures comprising Digalactosyl 
Diglyceride target the liver of humans and lower animals and 
are used to carry drugs to that organ, preferentially. Digalac- 
tosyl Diglyceride LMS containing insulin provide an effective 
means for treating deabets mellitus. Digalactosyl Diglyceride 
LMS containing interferon are used to treat viral hepatitis. 
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TITLE MODIFIED 
see front page 



MEMBRANE STRUCTURES FOR DRUG DELIVERY 



^^r,n relates to compositions and 

processes for a IX g P ^ifi«41,. Lipid 

pj:e£erentaally .o ^"^^"^ -liposomes") co,npris:.-.9 

Membrane Structures ("vesicles , 1-P 

ai,axect»s.l ai.l.ceriae as a ^^^^^^^^^y 
n,akeup carry drug agents such as insul-n . 
to the hepatocytes of the Uv«. ^^^^ 
The liver is the human body s ia.ge " . _ 

^ receives a passive blood supply through botn the 
such, receives a Motaiolicaliv , the 

portal vein and the hepat.c J^^^.^ 
Uver is the .ost -nplex or - .n ^^^^^^,,,,,,,„„3 

drugs which are rnrro callv-active agents 

is also a target organ .or . improved means 

produced. Within the hody. ^^J' • f,,, p,,,i.es 

... preferentially aeliver.n. r.. -e^ .^^^^ 

a .eans for ^['^^^^l^^ dr., therapy, 

a more natural fashxcn, tne . j ipsulir illus- 

The meai^s whereby the liver handles xnsuli.- 
. !!he activitv of this important target organ, 
trates the acuivxcy ^ ^^fects the metaholisni 

insulin is a hormone wnich afreets t 

. = » whole "fhe most dramatic e.^ec. Ox 

Of the „duce the concentration o: 

this hormone « ..s aorUty 

glucose in plas>na, Inges.ed c ^ y ^^^^^^^^ 
^lly digested to , glucose „ 
into the portal circulation ^^l^..^^^^,^ 
oarbohyarate in the ^^^J^;^ ... absorbed 
portal cir«l-=n. ^^^^ 
glucose and the reieaseu 
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,,,e^ -he insulin regulates the metabolism of glucose by 
L "l^ver cells. By an unknown mechanise, the. liver re- 
tains nnost of the insulin but releases some to facilitate 
alucos.^ utilization by muscle and adipose tissue. Recuc- 
!ion i.- blood glucose- is due to the insulin ef f ecV^ofi both 
Uver ^nd peripheral tissues. Thus, while the pancreas is 
L sc=.nrc. of insulin within the organism/ the l.ver .s 
kev t:^ its normal utili2ation. 

Diabetes mellitus is a generalized, chron.c -meta 

bo.ic disorder manifesting itself 'in its fully developed 
fo^ •::.-v hyperglyce.n.ia, glycosuria, increased prote.n 
brea-.^;-,- ketosis and acidosis. If the disease xs pro- 
lonae-, it is usually complicated by degenerative disease 

blood vessels, the retina, the kidneys and the 
n^rvc-.^^ svsrem. In diabetes mellitus, the pancreas ..ther 
prod-c-^es or releases insufficient insulin following .a 
carbc-vdrate meal. This insulin deficiency results in an 
inab-^-ty of most tissues to utilize the glucose which xs 

t^s blood. AS a result, the blood glucose rises to 
Ibno'^allv high levels, ^vhen the blood glucose level _ 
e^c»I-s the -ability of the kidney to reabsorb glucose rron 
the^lasma ultraf iltrate , it appears in the urine. "In 
add^--on, the cells of the body fail to metabolize o^her 
nut^--nts properly and growth is usually impaired. Lack 
oHr'sulin to tiss.es eventually also results in abnormally 
hlar^evels of toxic ketone metabolites in the blood. T..e 
combined effect of these changes can be coma and 

insulin therapy for diabetes mellitus oegan m 

1922 in current medical practice insulin is administered 

subcutaneously because the oral administration of tne 

ins- in- is inefficient, presumably due to proteolysis. 

V .ri^snistered insulin does produce a lowered 
Subcutaneously administerea insu- ^ ^^4..^. 

level of blood glucose, primarily as a result of I'.s actio. 

on muscle and fat tissue. .,^i»rt 

. ^ o- severelv insulm-def icienu 

In the maintenance Oj. tne sevet-x, 

. ,-^c„Hn administration is critical. 



0009842 



- 3 - 

However, insulin a<L-ninistration by injection ceh hardly 
be classified as a near nor^val state. LT.?ortantly , the 
anatomic arrangement .of the pancreas in the normal xnai- 
vidual is such that high levels of insulin secretso by 
the pancreas in response to oral glucose loads pass by 
way of the portal circulation to the liver before en- 
tering the peripheral' circulation. By coniparison, when 
insulin is administered subcutaneously to the diabetic ^ 
• patient, the peripheral tissue has first access to the 
hor^none and may reduce the level of insulin presented to 
the liver and, in turn, reduces the effectiveness or the 
liver as a significant glucose regulating mechanism. 
Therefore, insulin administered by injection does not 
have the same physiological action as insulin released 

from the pancreas... 

The oresent invention provides a means whereby 
insulin or other pharmacologically-active agents can be 
delivered preferentially to the liver in a human or lower 
animal . 

The present invention also provides improved means 
for administering enzymes, vitamins and other drug agents, 
especially interferon, to hunians and lower animals in 
need of such treatnent. 
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Background Art 

The following articles comprise an overview of 
work in this area. Each of the publications contains 
citations to additional references. 
5 EDTA has been .encapsulated in liposomes and 

injected as a treatment for heavy metal poisoning.. Tissue 
uptake of the EDTA in soft tissues such as the liver is 

- said to increase sbme 20-fold over direct injection of 

non-encapsulated EDTA. Problems with liposome preparatior. 

10 and pulmonary embolisms are mentioned. Rahman, et al., 
J. Lab. Clin. Med. 83 (4). 640-7 (1974) and U.S. Patent 
3,932,657, issued January 13, 1976, assigned to The U.S. 
Energy Research and Development Administration. 
• The- oral administration of insulin by encapsulatior 

15 within lecithin/cholesterol liposcmes is reported in FE3S 
Letters 62, 1, 60-3 (1976) by Patel, et al. See also The 
Republic of South Africa Application for Patent 73/1850, 
which discloses and claims the use of various liposome- 
forming materials to encapsulate insulin for oral delivery 

20 Liposome materials containing a huniectant and thei: 

use for- moisturizing skin by topical application are dis- 
closed in U.S. Patent 3,957,971, issued May 18, 1976.^ 

The- U.S. Energy Research and Development Acministri 
tion has filed U.S. Pate.nt Application 513,210 (10/19/74) 

25 which encompasses actinomycin D encapsulated in liposomes 
for cancer chemotherapy. This application has been laid 
open to the public as being available for licensing. A 
research report relative to the patent appears in the 
Proceedinos of The Society for Experi.mental Bioloc y and 

30 Medicine 146, 1173-76 (1974). 

•Belgian patent 830,629 (1975) discloses and clai.-ns 
immunologically active compositions characterized by an 
immunologically effective agent incorporated in- a nega- 
tively charged liposorr.e. Seme of the agents thus 

35 encapsulated include virus antigens, bacterial antigens. 
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Liposcn^es comprising certain galactosyl lipids ara 
described in Iirumunochemistry , Vol. 11/ 475-81 (1974) by 
workers at the Walter Reed. Army Institute of Research. 
Other work on galactosyl lipid membranes has been carried 
5 out at the Pasteur Institute (ibid. Vol. 13, 289-94) and 
elsewhere, as reported in Biochimica et Biophysica Acta 
311, 531-44 (1973). These latter publications do not 
appear to report the preparation of liposomes from the 
membrane material. 
10 U.S. Patent 3,937,668, issued February 10, 1976, 

discloses insulin encapsulated in albxomin millimicro- 
spheres. . 

Battelle Memorial Institute-International Division 
has disclosed a means for encapsulating various water- 
15 soluble drugs in liposomes using an ultrasonic vibration 
techjiique. German Of fen. 2,532,317 (1974). 

An entirely different class of encapsulating 
vesicles called "UFASOMES" have been prepared from 
Unsaturated .Fatty Acids and are reported to closely 
20 'resemble phospholipid liposomes in their structure and 
properties. . Gebicki/ et al., Chem. Phys. Lipids 16 (2), 
142-60 (1976). 

The New England Journal of Medicine , ' September 23, 
.1976, pages 704-10 and September 30, 1976, pages 755-70 
25 comprises an extensive report on liposomes, their use in 
drugs', and contains multiple references to the types of 
drug agents encapsulated in liposomes. 

A review article appearing in the Journal ef Lipid 
Research 9, 310-18 (1968) discloses various general 
i 30 aspects about liposomes and their formation. Another 

article appearing in Laboratory Investigation 34 , No. 3, 
276, et seq. (1976) discusses the entrapment of liposomes 
in. the liver. The in vivo fats and distribution of 
.synthetic lipid vesicles has 'been studied and reported in 
"35 the Proceedings of the National Academy of Sciences 71 , 
No. 9, 3487-91 (Sept. 1974). In this study, radioactive 
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tschnetivCT wes used to monitor the fate of the liposomes. 
AJiother study in tumor bearing mice appears in Life 

Sciences 17, 71-5-24. 

The injection of drugs, including insulin, into rats 
to study the duration of intramuscular absorption-. is 
reported in Cham. P.harTn. Bull. 23 (10) 2218-22 (19^75). 

J. Arehart-Treichel, Science Mews , Vol. 114, No. 4 
(7/22/78) at page 60 reports that some workers have 



tagged liposomes with antibodies to help direct lipo- 
somal-pacicaged enzymes to appropriate target cells for 
the management of certain disease states. 

A particularly relevant article with regard to the 
present invention is by .Mauk and Gamble, Proc. Natl. 
Acad. Sci. USA , 76, No. 2, pp. 756-769, February, 1979, 
Biophysics. -In that article, the authors report experi- 
ments relating to the work of Lunny and Ashwell (Proc. 
Natl. Acad. Sci, USA , 73, 341-343, 1976) that raised the 
possibility that surface carbohydrates may serve as 
determinants for recognition of liposomes by particular 
tissues. The work of Lunney and Ashwell describes a 
specific hepatic receptor capable of recognizing and 
binding galactose-terininated glycoproteins. However, the 
work of Mauk and Gamble shows that the presence of either 
fucose or galactose on the surface of the particular 
vesicles they studied causes "no statistically signi- 
ficant alteration in the tissue distribution of the 
vesicles . '* 

V Gregoriadis, Bioche.mical Society Transactions, 
Vol. 3 (1975) p- 613 reports the delivery of bleomycin 
and radioisotopes (but not insulin or interferon) to 
the liver using liposomes comprising asialof etuin. 
(Asialofetuin contains a galactosyl u.nit.) The work ^ 
indicates that liver uptake over controls was e.nhancec, 
but the statistical significance of the data is unclear. ' 
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U.S. Patent 4,016,100, issued April 5, 1977, dis- 
closes a pharmaceutical composition which is prepared by 
dispersing a phospholipid in. water, adding a inedicanient 
to the aqueous dispersion, freezing said aqueous dis- 
5 persing to entrap the medicament in lipid spherules, and 
then thawing the frozen dispersion to give an aqueous 
suspension of the medicament entrapped in the lipid 
spherules - 

U.S. Patent 4,016,290, issued April 5, 1977, dis-—- 
10 closes a method for transferring chelating agents across 
a cellular membrane by encapsulating the charged che- 
lating agent with an liposomes, which liposomes are taken 
up by the cells. 

U.S. Patent 4,078,052, issued March 7, 1978, dis- 
15 closes unilamellar vesicles which encapsulate a drug. 

The Lancet / June 29, 1974, pp. 1313-1315, discloses 
the possibility of using liposomes as carriers of drugs 
in patients with metastatic cancer. 

Shipley, Biochimica et Biophysica Acta 311 (1973) 
20 531-5.44 discloses the phase behavior in water of mono- 
and digalactosyl diglycerides . The phase behavior of 
glycolipids and phospholipids are compared and considered 
in terms of their respective roles in plant and animal 
cell membranes. 
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Disclosure of Invention 

The present invention encompesses Lipid Membrane 
Structures for aoHiinistering drugs, diagnostic agents, or 
the liXe, to a human or lower animal, comprising a mixture 
5 of a major portion of a polar lipid and a minor portion 
of a digalactosyl derivative having at least one fatty 

substituent. ^ 

The invention also encompasses compositions of 
matter comprising a first component which is a drug, 
10 diagnostic agent, or the like, said first component being, 
encapsulated in or associated with a second component 
which comprises the aforesaid Lipid Membrane Structure 
which comprises a mixture of a major portion of a polar 
lipid and a minor portion of a digalactosyl derivative 
15 having at least one fatty substituent - 

The invention also encompasses means for delivering 
a drug or radiodiagnostic agent to the hepatocytes of the 
liver of a hiaman or lower animal by means of Lipid jMembrane 
Structures of the herein-disclosed type. 
20 The special advantage of the present invention 

resides in the discovery that the digalactosyl moiety 
targets the Lipid Membrane Structures preferentially to 
the hepatocytes of the liver. Thus, insulin can be 
delivered to the liver of the diabetic patient, where it 
25 is handled in a manner akin to that in the non-diabetic. 
The Lipid Membrane Structures can also be used to deliver 
other drugs and diagnostic agents to the liver as an aid 
in treatment of diseases involving that organ, itself. 

The following are non- limiting examples of the kinds 
30 of materials which can be administered to humans and 
lower animals in Lipid Membrane Structures of the type 
disclosed herein: 
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1. Radionuclides, especially the radionuclides 
technstiuin-99ini thallimn-201, indium-llSm, indium-Ill, 
fluorine-18, strontiu2n-85 and iodine-125; 

2. Heavy metal chelators/ especially the ethylene- 
diaminetetraacetates and the diethylenetriaminepenta- 
acetates; 

3. Insulin, or insulin derivatives; 

4. Anti-viral agents, especially those used in .the_ 
treatment of hepatitis; 

5. Interferon; 

6. Hormones / e.g., estrogens - (liver regeneration), 
glucagon, catecholamines; 

7. Essential amino acids; and 

8. Nucleotides (e.g., ATP) to enhance liver 
function. 

Various orher enzymes, drugs, vitamins and macrc- 
molecules such as those listed by Gregoriadis, New England 
Journal of Medicine 295 13 at 704-709 can also be admin- 
istered to himans and lower animals using the Lipid 
Membrane Structures of this invention. Included among 
such materials are: Methotrexate, Bleomycin, Actinomycin 
D, and the like. 
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The Lipid Membrane Structures used herein comprise a 
polar. lipid and a digalactosyl derivative. 

The most highly preferred polar lipid used in the 
practice of this invention is distearoyl lecithin. 
Natural lecithin (phosphatidyl choline; vitellin) com- 
prises a mixture of the diglycerides of stearic, palirdtic 

and oleic acids linked to the choline ester of phosphor ic 

acid and is found in all living plants and animal s. 
Lecithin has the structure: 



CHjOCOR' 

I 
! 

CKOCOR' 



CH2O — P — OCEjCHjN'^ (CH3) 3 



wherein each R'COO- substituent is a fatty acid residue. 

The lecithin of commerce is predominantly soybean 
lecithin, obtained as a by-product in the manufacture of 
soybean oil: Stanley in K.S. MarkleV/ Soybeans Vol. II 
(Interscience, New York, 1951) pp. 593-647. Soybean 
lecithin contains palmitic acid 11.7%, stearic 4.0%, 
palmitoleic 8.6%, oleic 9.8%, linoleic 55.0%, linolenic 
4.0%, to acids ' (includes arachidonic) 5,5%. 

Synthesis of a mixed acid a-lecithin is disclosed by 
de Haas, van Deenen, Tetrahedron Letters 1960 (no.. 9) 1. 
Synthetic L-a- (distearoyl) lecithin ("distearoyl lecithin") 
is manufactured commercially fay hydrogenating egg yolk 
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lecithin; L-a- (dipaljnitoyl) lecithin is identical with- a 
natural phosphatide of brain/'lung and spleen. 

The most highly preferred digalactosyl. derivative used 
in the manner of the present invention is l-0-[6-0-Ca- 
5 D-galactopyranosyl) - g-D-galactopyranosyl] -2 , 3-di-O-acyl-D- 
alyceritol, conveniently named "Digalactosyl Diglyceride" , 
abbreviated "DGDG." The DGDG is optionally, and preferably, 
hydrogenated in standard fashion Pd-C) at the unsa- 
turated linkages simply to decrease the chances of oxi 

10 dation on storage. The physic o/chemical characteristics 

of the ^'natural" DGDG are not otherwise affected. The term 
"DGDG" as used herein includes both the hydrogenated 
and unhydrogenated form. 

DGDG occurs in nature and is reported to have the 

15 structure: 




wherein each. R substituent is in the, C^^-C^^ chain range, 
ca. 20%. pa^lmitic, 9% oleic, 66% linoleic, the balance being 
stearic, linolenic and other minors. Myhre, Canadian 
Journal of Chemistry 46, 19/ 3071-77 (1968), incorporated 
herein by reference. 



- 12 - 



000984 



The DGDG used in this Invention was secured in the 
Tn^nner disclosed by Myhre, above. Kussell-Miller American 
Beauty soft wheat flour (23 kg.) was suspended in ethanol 
(46 Z) and the mixture was allowed to stand for several 
5 hours. The supernatant was withdrawn and filtered and 

the insoluble residue was extracted twice as before. The 
filtrates were • evaporated to a syrup (215 g .) • 

In a typical run a portion of the ethanol extracted 
material (20-30 g.) from above was dissolved in chloroform- 

10 " (200- ml.) and applied to a column of silicic acid (100 
mesh) (3.6 x 88 cm.) which had been washed previously, 
first with chlorof orm-methanol (50:50 v/v) and then with 
chloroforTTi. The cclujmn was irrigated with chloroform 
followed by mixtures of chloroform and methanol similar to 

15 the method of Carter et al. / J, Lipid Res. 2, 215 (1961) . 
Each fraction collected amounted to ca. 15-20 mis. .^Skppro-* 
priate fractions were combined, evaporated and the- residues 
were stored at 0*C until used. The fractions collected 
were as follows (see Myhre, above, for complete analyses 

20 of individual fractions) . 

Table I . ' 



Fraction 


Solvent 
CHCl^.-MeOH (v/v) 


Comoonents 


1-50 


100:0 


Lipid (discard) 


51-70 


100:0 


Glyceritols (disc.) 


120-150 


98:2 


Glucopyranosides 
(disc.) 


160-180 


96:4 


Glyceritols (disc.) 


181-210 


94 :6 


Glyceritols (disc.) 


301-450 


92:8; 90:10 


DGDG (retain) 
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LMS Manufacture 
The following procedure illustrates the preparation 
of Lipid Membrane Structures (LMS) containing insulin. 
The sa^e techniques can be used to prepare LMS containing 
other drug agents. In this procedure , . the ter:. DSL 
refers to distearoyl lecithin and the term DGDG refers to 
cigalactosyl diglyceride prepared in the manner of Myhre, 
above . 

p gia_ss_ syringe was fitted with a piece of poly- 

- propylene tuning "to facilitate aliquoting the DGDG-stocK- 
'soiution (below). Likewise, a 5.0 ml. glass syringe was 
^^^tted with a piece of 1 mm. ID polypropylene tubxng to 
aliquot the DSL stock solution (below). A 10.0 ml. gy<x^B 
syrince fitted with an 18 gauge needle was used througn- 
1 out the procedure to aliquot 8.0 ml. of commercial 
insulin -stock solution. 6.0 ml. of stock DSL and . 2.0 
ml of stock DGDG were transferred to a 50 ml. Zrle.nmeyer 
ve^ghing flask with very ge.ntle .mixing under cry nitrogen- 
The flask was then situated in a 55«C water bath while 
0 nitrogen was blown- over the sa-mple to dry the lipid com- 
TDonents . 

The sample flask was then placed on a Buchi Koto- 
evaporator under house vacuum and rotated slowly for 15 
minutes while the temperature was maintained at 65»C witn 
5 a water bath. The dried sample was then flushed with 
nitrogen and 12.0 ml. of insulin stock solution (below) 
. was added. The flask was then positioned in a micro tip o 
preferably, a cup horn sonicator reservoir (Eeat Systems 
Ultrasonics) such that the bottom surface of the flask 
0 Tnaintained a 1/16 inch clearance from the radiating sur- 
face of the horn. 

In order to provide for continuous monitoring of 
the reaction temperature, a thermistor probe was inserted 
in the acueous phase. A glass stopper was then insertec 
5 in the neck of the flask and wrapped securely with Parafil 
to seal and prevent evaporation of the acueous components 
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curina scnication. The temperature • of the reaction nix- 
tura was nai.itainec at a constant 6p°C i0.5°C for a 45- 
ninute period. Temperature control was achieved using a 
Lauca K72/R circulating water bath. In addition, the 
bath level in the cup horn reservoir x^as maintained 1-1/4 
inches above the radiating surface of the horn to facili- 
tate temperature control in the reaction media. 

The power output needed for sonication was derived 
from a model #350 power amplifier from Heat Systems 
'01tra'soiric'~" The power output control- was set at posi-tion-- 
#3 to provide power output equivalent to 40%-60% of 
amplifier capacity. The electrical energy delivered to 
the horn was transduced to provide the ultrasonic energy 
needed for sonication. 

Following sonication the condensed vapor and lipid 
components were mixed. The sample was then placed on a 
Buchi. Roto-ev£porator and a.nnealed with slow turning in a 
65=C water bath for 1 hour. Immediately following this 
initial a.nnealing the sample was incubated at room temper- 
ature for 1/2 hour. A second annealing, identical to the 
first, followed the incubation period. 

In order to free the insulin-containing LMS from 
external insulin a minimum of five washes were conducted 
using a Beckman L-5 ultracentrifuge equipped with an S.W. 
60 head. The insulin-K'lS preparation was transferred to 
a 3.0 ml. capacity polyallomer centrifuge t-abe and 
centrifuged at 55,000 rpm "for 2 hours. 

Stock solutions used in the foregoing process were 
as follows. Stock DSL comprises 57.69 mg. of DSL per ml. 
of a 2:1 v/v CKCl3/methanol. Stock DGDG comprises 6.926 
mg./ml. Cr:Cl3/nietha.nol (2:1 v/v). Insulin, stock solution 
comprising: 8.0 ml Lilly Insuli.n/100 units per ml./ 
0.2 wt.% phenol and 4.0 lodine-125 Insulin, Amersham, 
containing ..0.5% w/w albumin and 0.05% thinierosal . 
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In an alternate node in the above process which is 
preferred for securing higher concentrations of insulin 
associated with the UiS, 100 mg crystalline insulin is 
added directly to the inixture of stock solutions of DSL 
5 and DGDG. The suspension of crystalline insulin is 
• sonicated (ca. 30 secl/room temp.) with the cup horn 
sonication to dispense the insulin. Following v-acuu:n 
evaporation of solvent, as disclosed, the dried sample is 
-treated with the insulin stock solutionT sonicated , -etc. > - 

10 as described .above. 

■ It will be appreciated that the foregoing procedures 
can be modified by replacing the insulin solution with a 
solution of other drug agent of choice- to secure LMS 
comprising such other drug agent. 

15 : LMS containing various percentages of DGDG, or 

without DGDG for use in. control experiments, can also be 
prepared using the foregoing sonication technique. 

In like manner, various DGDG-containing LMS can.be 
prepared by sonicating. DGDG with glycerides/lipids other 

20 than DSL. 

Other ceneral procedures for preparing LMS without 
DGDG are disclosed in U.S. Patent 4,016,290, issued April 
5, 1977, incorporated herein by reference. Such proce- 
dures can also be used herein by adding the appropriate 
25 level of DGDG to the art-disclosed polar lipids and 
proceeding in the manner described in the referenced 
patent. 

The stability of the LMS herein is s\ibstahtially 
enhanced by suspension in an aqueous electrolyte solu- 

30 tion. This is presu-mably due to osmotic pressure con- 
siderations . Pharmaceutically-acceptable electrolytes 
such. as KCl and NaCl (preferred) are useful for this pur- 
pose. Physiologic saline (commercial) can be used. The 
resulting LMS suspensions in aqueous electrolyte are 

35 suitable for direct use in the manner disclosed. 
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Insulin I2dS prepared in the foreooing manner can be 
••sized" by liquid chromatography on Sepharose 2b 
(PhaLacia), using standard techniques. For example, 
the sonicated insulin LMS is centrifuged at 100,000 X g • 
5 for 1 hour to remove large particle size vesicles, 
segregates and undefined structures. Chromatography 
of the remaining material on Sepharose 2b. provides 
insulin vesicle in the 750 Angstrom - 3000 Angstrom 
range. Additionally, insulin not associated with the ... .. 
10 LMS is desirably removed from the final composition by 
this procedure. If desired, larger vesicles (greater 
than ca. 4000 A) can be separated frcm smaller vesicles 
using hydrodynamic chromatography. 
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Animal Testing 
Animal tests were run to demonstrate the effective- 
ness of the insulin-LMS with DGDG for controlling glucose. 
The studies also demonstrated that insuiin-li-lS without 
DGDG are only about as effective as insulin in this regard. 
The studies also demonstrated that the effect of insulin- 
LMS with DGDG in the diabetic animal is very much like 
that obtained through 'natural body mechanisms in a - heal thy 



animal. . In contrast, insulin and insulin-L.MS without DGDG 
yield dose responses which are quite different, from norsnal. 

Study I • 

The insulin used in this study was regu3ar pork in- 
jectable insulin, 100 units/cc. (Eli Lilly, Indianapolis). 
T.he digalactosyl digly.ceride (DGDG) and distearoyl 
lecithin (DSL) were as disclosed above. I'our preparations • 
were tested: 100% DSL + insulin; 96% DSL ^ 4% DGDG + 
insulin; 96% DSL + 4% DGDG + saline; and insulin- The L-MS ' 
with insulin or saline, with and without DGDG, were pre- 
pared by sonication. 

Briefly, the four compositions were separately 
administered to animals' via catheter directly into the 
duodenum. The animals had been fasted 20 hours prior to 
administration. 

The results from the study indicated that animals 
receiving insulin-LMS compositions with DGDG exhibited a 
significant hypoglycemic effect when compared with the 
insulin- treated controls. Indeed, insulin, LMS + DGDG + 
saline, and LMS + insulin without DGDG did not produce 
significant hypoglycemia. Glucose values for insulin-LMS 
with DGDG were significantly different from the regular 
insulin treatment at 50, 75, 90, 105 and 120 minutes. 
Glucose values for insulin-LMS with DGDG were signifi- 
cantly different from insulin-LMS without DGDG treatment 
at 75, 105 and 120 minutes, and also for saline LMS + DGDG 
at 105 minutes. 
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AS disclosed above, other workers have shown that 
lioid liposome insulin preparations can induce hypogly- 
elia i^diabetic rats. Doses used by those workers were 
th. ran.e of 50-100 units • of ^^^^^^^^ ^ ^ 
glyceric effects were observed only .n '^"^^^^^//^^^^^ 
not in intact animals. In the present stuay> the only 

- =^r,r,if icant hypoglycema was the 
aroup which showea significant nypuy a . _ 

Llin-«s Wit. ...C ..oup. Doses in this — 

.sti^ated by ultraviolet absorption to be ca. 3 un.tsA9..._ 

Study II 

A second study was carried out in' substantially the 
sa.n.e manner as Study I, but with a lower dose of insulin 
(0.35 units/kg. of body weight). The LMS were prepared by 
sonication, with annealing at 67-C for 60 minutes. 

- The results from Study II confirmed that low doses 
(0.35 u/kg. body weight) of DSL/DGDC-insuli.n-LMS , w.hen 
administered intraduodenally to fasted, intact and awake 
aniinals produce a biologically and statistically signifi- 
cant hypoglyce.mic response 45-75 minutes post dosing. 
Moreover, DSL-insulin-L.MS which did not contain the DGDG . 
had no effect on plasma glucose. Finally, regular insulin 
and saline administered intraduodenally had no effect on 
plasma glucose values in Study II. 

Study III 

In this study, insulin was administered via the 
duodenu.^ to diabetic animals so that any insulin that was 
absorbed ;.ould be presented to the liver via,the portal 
circulation, thereby mimicking the normal pattern of 
insulin delivery. Three forms of insulin were tested: 
regular insulin, insulin in DSL IMS structures without 
DGDG and insulin in DSL LMS structures containing DGDG. 

Animals were made diabetic by administering intra- 
venously 50 mg. Alloxan/kg. body weight and 30 mg. 
Strept020tocin/kg. body weight to the fasted animals. 
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Insulin administration was withdrawn from each anijnal 43 
hours before catheterization. Six days after induction of 
diabetes, studies were begun follox^ing the general tech- 
nique of Studies I and II, herein. 

Insulin used in the study was regular pork insulin 
for injection (Lilly) . The LMS preparations were as in 
Studies I and II. 

.^^^^.^.._5^.?}?P^ P?^i^-i^als were .used, .in: the study; the 
' animals were anesthetized and catheters were placed 

surgically. Blood for the determination of plasma glucose 
and insulin concentrations was collected at 0, 15, 30, 60, 
75, 90, 120 and 150 minutes. At 0 time, each test anj.-nsl 
received a 10 ml. infusion of saline, 37^C, into the 
duodenum. Immediately after the 60 minute blood sa.mples 
were collected, * the animals, in Group 1 received. 10 units 
insulin/kg. body weight as regular insulin injected into 
the duodenum; the animals the Group 2 received 10 units/kg, 
body weight of LMS insulin without DGDG; and Group 3 
received 10 units insulin/kg. body weight in LMS con- 
taining 4% DGDG. 

In Study III the regular insulin was sho\rn to have 
no effect either on circulating levels of plasma glucose 
or on the uptake of glucose by the liver. Insulin admin- 
istered in LMS without DGDG had no effect on plasma glucose, 
nor did it restore hepatic glucose retention utilization 
in the diabetic animals. In contrast, animals that 
received insulin in LMS containing DGDG introduodenally 
did show a significant fall in plasma glucose in two ox 
three test animals. The decline in glucose was greatest 
90 minutes following administration, and the fall began at 
15 minutes. An increase in the hepatic retention of 
glucose was demonstrable at 15 minutes and was maximum at 
60 minutes, then returned towards, base line levels at 90 
minutes. The uptake of glucose by hepatic tissue could 
have accounted for the fall in plasma glucose. 
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gasec on the results of Study III, it was concluded 
that regular insulin and the insulin administered in LMS 
without added DGDG had no effect on either plasma glucose 
or hepatic or peripheral retention of glucose. In con- 
trast , the same dosage of insulin in LMS containing DGDG 
did induce a hypoglycemic response in the peripheral 
plasma- Moreover, it was demonstrated by calculation of 
glucose differences (portal vein minus hepatic vein) that 
there was'^an increased "hepatic uptake of glucose in 
animals which had received the insulin LMS with DGDG, 

Study IV 

In norrnal control anima^ls it was found that the 
liver changes from a condition of glucose output in the 
basal fasting state to one of uptake when it is presented 
with infused glucose. This is the kind of response 
expected in an individual whose pancreas and liver "are 
functioning normally. Control diabetic animals, on the 
other hand, lose this ability to take up glucose by the 
liver and they maintain a net output of glucose throughout 
experiments even though large amounts of glucose are 
being infused into the portal system. Therefore, the 
diabetic faces the problem that even though large amounts 
of glucose are ingested via the digestive tract and the 
portal blood system, the liver continues to make even more 
glucose instead of storing glucose that is ingested. 

In this study insulin in lipid membrane structures 
(96% DSL and 4% DGDG) was infused into the jugular vein of 
diabetic dogs. During this interval the same dogs were 
infused with glucose via the mesenteric vein (portal 
system) at a rate of 0.5 grams glucose/kg. body weight/ 
hour. The animals were prepared in. such a way that the 
liver was isolated for metabolic studies. The hepatic 
artery was ligated so that the only incoming blood came in 
via the portal system and exited via the hepatic vein. 
Gatherers were placed into the hilus of the liver in the 
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portal vein so that ingoing blood could be sampled at that 
point, and another catheter was placed in the hepatic vein 
so that blood leaving the liver could be sanipled. Hepatic 
blood flows were measured by infusing a bolus of indo- 
cyanine green into a mesenteric vein. The appearance of 
the indocyanine green was detected by a constant with- 
drawal of blood from the hepatic vein and analyzed by a 
Gilford Cardiac Output system which computes the rate of 
flow. Therefore/ the system was one in which concentra- 
- tions of glucose could be determined going into and coming 
out of the liver/ and the flow rate of the blood was also 
known- The calculation of concentration of glucose multi- 
plied by the flow rate gives the absolute amount of 
glucose either taken up by the liver or released by the 

Insulin was infused into the diabetic dogs via 
either the jugular vein or the portal vein. The dose 
responses for the effect of insulin upon the hepatic 
retention of glucose phenomenon were determined. It was 
shown that the portally-inf used insulin could produce a 
normal hepatic uptake of glucose at a dose of 1.0 milli- 
units of insulin infused per minuts/kg. body weight, 
whereas to accoinplish the same effect insulin infused into 
the jugular vein required a dose of 6.25 milliunits/kg . 
body weight/minute. A jugular dose of 2.5 milliunits/kg. 
body weight was ineffective in converting the liver from a 
state of glucose output to a state of glucose uptake. 

The insulin/lipid. me.mbrane structure containing 
the Digalactosyl Diglyceride (4% w/w) was active when 
infused in the jugular vein at a dose range of 0.025 
to 0.4 milliunits insulin/kg. body weight/minute. The 
dramatic reversal of the hepatic system from glucose 
output to glucose uptake at this low dose is consistent 
with the position that the insulin in the I2^1S with DGDG is 
directed to the hepatocytes, which release the insulin in 
son:e manner, which, in turn, causes a conversion from a 
state of glucose output to a state of glucose uptake. 
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Based on the results of Study IV, it was concluded 
that the liver-directed LMS system with the DGDG provides 
the liver with an adequate dose of insulin to convert it 
to a hepatic storage of glucose mode at a much lower dose 
than is seen with the regular insulin. The DSL/DGDG LMS 
thus allows the animal to have a normal metabolic pattern 
for handling ingested glucose, loads , as compared with the 
inability- of regularly administered (without the DSL/DGDG. 
LMS) insulin to cause this effect. 
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In general, the LMS conprise from about 90% to about 
99.9% by weight of the polar^ lipid and from about 0.1% to 
about 10% by weight of the cigalactosyl derivative. U^iS 
which comprise from about 95% to about 99% by weight of 
the polar lipid and from about 1% to about 5% by weight 
of the digalactosyl derivative are highly preferred. 

The following are typical polar lipids useful in the 
practice of this invention: dicetyl phosphate, stearyl- 
^ amine, phosphatidic acid, dipaLniitbyl phosphatidyl 
choline, dimyristoyl phosphatidyl choline, sphingomyelin, 
phosphatidyl inositol, cardiolipin, lyscphosphatidyl 
choline, phosphatidyl ethanolamine, gangliosides , phos- 
phatidyl serine, and mixtures thereof. These polar 
lipids are available using art-disclosed methods (see 
references cited in Grecoriadis, above). Cholesterol is 
a polar lipid often used in combination with art-disclosed 
polar lipids to stabilize' the walls of vesicles and 
liposomes, and can optionally be "used in the same manner 
with the LMS of this invention. 

The preferred polar lipids for preparing the LiMS 
comprise the dialkanoyi lecithins wherein the alkanoyl 
groups each contain from. about 12 to about 20 carbon 
atoms. LMS wherein the alkanoyl groups are selected from 
palmitoyl and stearoyl, especially distearoyl lecithin, 
are most preferred. 

LMS wherein the digalactosyl derivative is a fatty 
glyceride digalactosyl derivative characterized by at 
least one fatty substituent having a chain length in the 
range from about about C^q; especially those where 

the digalactosyl derivative is a diglyceride are highly 
preferred. 

LMS wherein the digalactosyl derivative is Digalacto- 
syl Diglyceride of the formula disclosed above (DGDG) are mos 
highly preferred for directing crugs, radionuclides, and 
the li-ke to the liver in humans a.'^d lower animals. 
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Lipid liembrane Structures which comprise a mixture 
of from about 94% to about 97% by weight of distearoyl 
lecithin and from about 3% to about 6% by weight of 
Digalactosyl Diglyceride are the most highly preferred 
carriers for drugs, and the like. Such LMS which comprise , 
as an additional ingredient, a stabilizing amount (usually 
about 0.5% to about 3%) of cholesterol are also useful 
for injection into humans and lower animals as a drug 
carrier. 

The foregoing LMS are designed for use with a 
component which is a drug, radiodiagnostic agent, or the 
like, said component being encapsulated in or associated 
with the LMS. Such combinations of LMS-drug, LMS- 
diagnostic agent, etc., are preferably used in a liquid 
carrier (usually sterile, pyrogen-free aqueous saline) 
suitable for injection into a h\iman or lower animal. 

Highly preferred compositions of the type disclosed 
herein comprise insulin in combination with Lioid i*lembrane 
Structures which comprise a mixture of from about 94% to 
about 97% by weight of distearoyl lecithin and from about 
3% to about 6% by weight of Digalactosyl Diglyceride, 
said Lipid Membrane Structures being, most preferably, 
dispersed in a liquid carrier (e.g. water) 'suitable for 
injection into a human or lower animal. 

The preferred procedure for preparing LMS containing 
drugs, or the like, is disclosed in detail hereinabove 
for preparing the insulin-LMS+DGDG, and this procedure is 
equally useful for preparing LMS with other drugs and 
using other polar lipids. Such LMS typically comprise 
substantially spherical vesicles (or liposomes) having an 
average particle diameter of ca. 10 microns (y) and 
below, and are suitable for injection into humans and 
lower animals. The preferred average particle size range 
is from about 250 A to about 3000 A; most preferably 
750 A to 3000 A. Typical concentrations of drugs, 
radionuclides, and the like, prepared in this manner and 
suitable for use in humans and lower animals are listed 



- 25 - 



0009842 



Table II 

Amount per 

Agent Type gram of neat* IMS 

Chelators 0.01 mg. 1000 mg. 

Insulin and Insulin Derivatives 1 unit 1000 units 

Vitamins 20 lU 4 000 lU • 

■ ■ *■* ■ - - - --- - - — ■ — - - 

^Radionuclides 0.001 mg, 100 mg. 

Antineoplastics 0.001 mg. 100 mg. 

Antivirals 0.01 mg. lOQO mg- 

* "Neat" LMS denotes the LMS without added carriers 
such as water. 

** Amounts will vary with intended use and radiation 
intensity. For radiodiagnosis^ 20 20,000 yCi are 
* typical use levels. For radiotherapy, usage levels 
are ca. 10 100-fold higher, depending on the disease 
stateT 

The following examples further illustrate the 
practice of this invention, but are not intended to be 
limiting thereof. It will be appreciated that the selec- 
tion of actual amounts of specific LMS/drug agents to be 
administered to any individual patient {human or animal) 
will fall within the discretion of the attending physician 
(or veterinarian) and will be prescribed in a manner 
commensurate with the appropriate risk:benefit ratio for 
that particular patient- Appropriate dosages will depend 
on the patient's age, weight, sex, stage of disease and 
like factors uniquely within the purview of the attending 
physician. As a general rule, the amount of specific drug, 
administered in conjunction with the LMS disclosed herein 
will be in the range of 20% to 100% of that administered 
without the LMS. The LMS compositions can be admin- 
istered via the G.I. tract, parenterally , e.g., by i.v. 
infusion, *and by injection. 
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LMS containing ^^""Tf are prepared in the manner 
disclosed above, and comprise the following. 

Amount/ g . of 

^ . ^ . LMS Com position 
Ingredient • 

DGDG 9- . 

DSL - 

99m^j.* 0.06 g. 

*As ^^^TcOp to provide ca. 1000 \iCi per g. of LMS. 

The radioactive LMS composition of Example 1 is suspended 
in sterile, pyrogen-free saline (1 LMS: 10 saline by 
weight). Three mis. of the suspension are injected intra- 
venously into a patient ca. one hour after preparation. 
The patient is rested for a period. of one hour and then 
15 liver scan photos are taken using standard techniques. 
. The photos show excellent liver detail, without substan- 
tial interference from surrounding soft tissues. 

The composition of Example I is modified by sub- 
stituting the following polar lipids for .the DSL, re- 
spectively: diacetyl phosphate, stearylaminfe , phosphatidic 
acid, dipalmitoyl phosphatidyl choline, dimyristoyl phos- 
phatidyl choline, sphingomyelin, phosphatidyl inositol, 
cardiolipin, lysophosphatidyl choline, phosphatidyl 
ethanolamine, gangliosides, phosphatidyl serine, and 
mixtures thereof. Excellent liver scans are secured. 

Radioactive LMS compositions are prepared in like 
fashion using Tl-201; In-113m; In-Ill; F-IB; Sr-85 and 
1-125, respectively. 
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LMS containing heavy metal chelators are prepared 
in the manner disclosed above, and comprise the following. 

Amount/q. of LMS 
Ingredient • ~ 

0.03 g. 

5 DGDG • _ . 

— - . 0.87 g. 

- DSL 

Sodium ethylenediamine tetraacetate 0.10 g. 

The comoosition of Example II is suspended in 
sterile, pyroge-n-free saline (1:1) and is administered 

10 intravenously to an ani-mal (80 kg. body veight) suffering 

from lead poisoning. A total of 10 grams of the suspensioi 
are oerfused per day. The procedure is repeated once 
daili for a period ox seven days. The feces and urine of 
the animal are monitored over this seven-cay treatment . 

15 period. At the end of the period, substantially all lead 
residues are removed from the liver of the ani-mal. 

' The composition of Example II is modified by 
replacing the HaEDTA with an equivalent a^nount of the 
sodium salt of ethylenetriaminepentaacetate-, sodium 

20 citrate, and sodium ethane-l-hydroxy-l,l-diphosphonate, 
respectively, and equivalent results are secured. 

The composition of Example II is ingested orally 
to secure removal of lead. 
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LMS containing gamma globulin are prepared in the 
manner disclosed above and administered to a subject which 
has come into contact with a patient suffering from viral 
hepatitis. A dosage of IMS comprising about 0.02 ml./^^g- 
of gamma globulin suffices to provide at least transient 
protection against hepatitis A. 

ChroTiic hepatitis is treated™in" the manner ~of~ this 
invention by injecting an LMS suspension made in the 
manner of Example I containing, up to 100 mg. azathioprine . 
Administration of the azathioprine-LMS by injection over a 
period of one month by the physician provides an effective 
means for managing chronic active hepatitis. 

The azathioprine-LMS of Example III are administered 
orally with good results. 

Example IV 

The LMS composition of Example I is modified by 
replacing the Tc radionuclide with 5-f luorouracil, 
Actinomycin D, and Methotrexate, respectively. Excellent 
liver hepatocyte targeting is secured. 

Example V 

Vitamin D (4000 lU) is encapsulated in sonicated 
DSL-DGDG-cholesterol (9G%:3%:1%) Lipid Me.n±)rane Structures 
and is specifically .directed to the liver when admin- 
istered i.v. in the manner disclosed herein. 
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interferon producea from human leukocyte cultures 
is incorporated into DSL-OOBC Upid Me^rane Structures. 

" '°":::;rferon can..e secured various procedures: 

. ■ tcA 1969; WheelocJi, 

Green, et al. , Science 164, 1415, ises, 

Sc en;e 1«, 310, XSSS, Richmond, ^^^^l^ 
Cese.;r;i;^sforshun, ' 
Proc. So=. Exptl, Biol. Ned. 125, 901; ''^^ 
followi.n..preferred.proceaure is 

.The Production and Use of Interferon for the T. pnt 
and prevention of Human virus Infectrons 
published by The Tissue Culture ''«'='"=f;°"' . 
Parklavn.Drive, KoCviUe, Maryland 20852. The method 
reported consists of the foUowin, steps. (The or.grnal 
paper can be referred to for exact detaUs.) 

1 collection and pooling of "buffy ccars m 
ethylenediaminetetraacetate (EDTA) , pB 7.2. 

2 Storaae overnight at 4''C. 

3*. Treatment with 10 voluines of 0.83% NH.Cl, 

10 min, 4-C. . » 300 basket centrifuge, 

4.. Csntrifugation xn a MSx, 300 oasKei^ 

1200 rpm. 500 ml per min. ^ 

• s' Resuspension of cells in phosphate buxxered 
saline (PBS) containing 0.5% EDTA and 25 yg per ml of 

neomycin- 

6.- Retreatment with I^^Cl as above. 

^4= /-oiic; in Eaqle's miniju-Qin 
7 Resuspensaon of cells in r^agj-c 

essential mediu. (without phosphate buffer) supplement.c 
with (NH J ,SO,-tre=ted hu.,an serum (5) at 4%, 3 mg pe. 
ml of trLine and 25 V5 per ml of neomycin. 

8. Adjustinent of cell concentraUon to 10 per 

ml with the aboye medium. 
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9. Incubation of cells in 2 to 6 liter round flasks 
in water bath at 37.5°C on magnetic Stirrer. The flasks 
have at least 50% air space and are covered with foil. 

10. Addition of 100 units per ml of leukocyte 

5 interferon. 

11. Addition of- 100 hemagglutinating (HA) units per 

ml of Sendai virus 2 hr later. 

12. Incubation for 20 hr at 37. 5'C. 

13 Centrifuqat ion at 2000 rpm for 40 niin .. The 

10- supernatant fluid is the crude interferon. 

The continuous flow centrifuge pennits treatitient of 
140 to 210 buffy coats per day. The conti.iuous presence 
of seru.Tn or casein in the medium is necessary for optimum 
yields. 

15 Following the LMS l^anufacture Procedure disclosed 

above, substantially spheridal (avg. sire range 25G A to 
about 3000 A) vesicles containing interferon prepared in 
the foregoing manner are manufactured. The walls of the 
vesicles comprise ca. 9 6% DSL and ca. 4S DGDG. Typical. 

20 interferon/vesicle preparations suitable for adminis- 
tration to hunans, especially humans in need of treatment 
for viral hepatitis, comprise from about 10,000 to about 
1,000,000 units of interferon per rag. of the vesjgr^ 
carrier spheroids. ' j 

25 In an alternative mode, the DSL used to ma.nufacture 

the vesicles of Example VI is replaced by an equivalent 
amount of dipalmitoyl phosphatidyl choline, stearyl amine 
and sphingomyelin, respectively. The presence of the 
digalactosyl moiety in the walls of the vesicles "targets" 

30 the vesicles to the hepatocytes. 
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CLAIMS 



.=+r.»rture for administering drugs, 
. upia .e™.r.ne structure f ^^^^^ ^^^^^^^ 

,i.^o3tic -=n« - - X . ^ ^^^^^^ ^ ^^.^^ 

■ * 4. QQ Q 4 bv weight of thfc-f>olar 

comprising from 90 % to 99-9 % by v g 
lipid and from 0.1 2 to 10 ^ by vexght of 

3. A ixpxfl comprises a dialkanoyl 

Claim 2 vherexn ^J//^ ,,ch contain from 12 

lecithin wherein the alKanoyj. & 
" -^car.on ate ^^^^^^^^ ^^^^^^^^ 

«.ere.n t.e --.ve ^ ^ 

at least one fatty substltuent having 

T'l 2™/^!° Structure acccreing to an, one 
Of Cal:^ in f o». of a vesicle or 1 poso.e having 
a si» in the range of froB 250 Angstroms to 3000 

Angstroms. pecording to any one 

6 A lipid membrane structure accoraxng 

exa;.s i 5 ».ic. comprises, as an aWitional ingre.ient, 

a stabilizing amount of """^"^"f ^ agent 

7 A composition comprising a arug, b 

. tJe'lLa eLapsulatea in or associated «th -lipia 
or the llKe encop one of claims 1-6. 

membrane structures as claimed in any o ^ 

•4.^^^n according to claim 7 3-^ a -uj.^^ 
8. A "-^""'""/"j/i /.citable for injection into 
electrolyte-containing carrier 

a hu^nan or claim 7 -herein the arug 

5. A --P°"*"" , paaionuclide, a heavy 

diagnostic agent or the line ^^..jvative or interfere 

metal chelator, insulin, an insulin deriv 



European Potent 
Office 



EUROPEAN SEARCH REPORT 



0009842 

Application numbtr 

EP 79 20 05A2 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Ceieoory 



DA 



0^ 



CilBtion ot docum»nt with indication, where appropriate, of relevant 
pessaQes * 



CHEMICAL ABSTRACTS,, vol. 81, no. 

23, December 9f 197^, page 370 

ref. 1500A3C 

Columbus, Ohio, US 

C.R.ALVING et al,: "Comparative 

properties of four galactosyl 

lipids as antigens in liposomes" 



& IMMUNOCHEMISTRY, vol. 
8, 1974, pages A75-81. 

* Abstract * 



11, no. 



DE ■> A - 2 650 502 (K, THEURER) 

♦ The claims; page 2, line 1 - 
page 3, end; page 4, para- 
graph 3 * 

DE - A > 2 656 333 (K, THEURER) 

♦ The claims; the examples * 



The present search report has been drawn up tor all claims 



Place 01 search 



The Hague 



PO Form 1503.1 M.7e 



Date of complelion ot the search 



11-01-1980 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (int. CL >) 



A 61 K 9/50 



TECHNICAL FIELDS 
SEARCHED (Inl.Ci. 3) 



A 61 K 9/50 



CATEGORY OF 
CITED DOCUMENTS 



X: particularly relevant 

A: technological backpround 

O: non-wrlnen disclosure 

P: Iniermedisie document 

T: theory or principle undenying 

the invention 
E: conflicting application 
D: document cited in the 

application 
L: citation for other reasons 



&: member of the seme pstenl 
family. 

corresponding document 



Exeminer 



VANHECKE 



